Late-life depression is one of the most common psychiatric disorders in older adults.
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To date there has been no systematic evaluation of whether a depressive episode increases the risk of vascular dementia and other dementia syndromes in addition to Alzheimer's disease. The understanding of whether late-life depression increases the risk of dementia syndromes in addition to Alzheimer's disease could lead to better long-term predictive models and more rational preventive interventions. This is of utmost importance given that the estimated number of cases of Alzheimer's disease attributable to depression is 781 000 (95% CI 506 000-1 078 000) and the prevention of 10 to 25% of depression cases may reduce the prevalence of Alzheimer's disease by 68 000 to 173 000 respectively. 6 Therefore, our aim was to carry out a systematic review and meta-analysis of population-based, prospective cohort studies to evaluate the pooled risk of incident all-cause dementia, and more specifically of Alzheimer's disease and vascular dementia in individuals experiencing a late-life depression episode. We hypothesised that depression increases the risk of all-cause dementia, including both Alzheimer's disease and vascular dementia in older adults. Secondarily, we aimed to compare the magnitudes of the relative risk posed by late-life depression separately for Alzheimer's disease and vascular dementia.
Method
This meta-analysis followed the PRISMA guidelines for conducting and reporting systematic reviews.
Search strategy
We conducted a comprehensive search for potentially relevant studies of late-life depression and dementia risk in the electronic bibliographic databases PubMed and Scopus, which provide broad coverage of biomedical journals published worldwide. There were no time or language limits for the searches. We also searched references of selected publications, in particular of previous systematic reviews and meta-analyses, for additional potentially relevant studies. The literature search was conducted in February 2012. Searches included the following terms: incidence* (as a Medical Subject Heading (MeSH) term) OR cohort studies (MeSH term). Results of these searches were combined with sets created with depression OR depressive; Alzheimer disease; Vascular Dementia; dementia OR dementing. This search retrieved a total of 1839 references (Fig. 1) .
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Background Late-life depression may increase the risk of incident dementia, in particular of Alzheimer's disease and vascular dementia.
Aims
To conduct a systematic review and meta-analysis to evaluate the risk of incident all-cause dementia, Alzheimer's disease and vascular dementia in individuals with late-life depression in population-based prospective studies.
Method
A total of 23 studies were included in the meta-analysis. We used the generic inverse variance method with a randomeffects model to calculate the pooled risk of dementia, Alzheimer's disease and vascular dementia in older adults with late-life depression.
Results
Late-life depression was associated with a significant risk of all-cause dementia (1.85, 95% CI 1.67-2.04, P50.001), Alzheimer's disease (1.65, 95% CI 1.42-1.92, P50.001) and vascular dementia (2.52, 95% CI 1.77-3.59, P50.001). Subgroup analysis, based on five studies, showed that the risk of vascular dementia was significantly higher than for Alzheimer's disease (P = 0.03).
Conclusions
Late-life depression is associated with an increased risk for all-cause dementia, vascular dementia and Alzheimer's disease. The present results suggest that it will be valuable to design clinical trials to investigate the effect of late-life depression prevention on risk of dementia, in particular vascular dementia and Alzheimer's disease.
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Study selection and quality assessment
After reviewing the references, we selected the studies for data extraction and analysis based on the following criteria: (a) community-based prospective cohort studies; (b) identification of baseline depression 'caseness' (based on predefined cut-off on depression assessment scales); (c) age over 50 years at baseline assessment for participants with late-life depression and controls; (d) absence of dementia in the baseline assessment; (e) information on incidence of dementia (all cause) and/or Alzheimer's disease and/or vascular dementia; and (f) risk measure information (odds ratio or hazard ratio (HR)) and its 95% CI for the risk of dementia (all cause) and/or Alzheimer's disease and/or vascular dementia in participants with late-life depression as compared with participants without depression. As most of the studies selected in the systematic review and meta-analysis did not clearly differentiate between those with early-onset and late-onset depression, we broadly defined late-life depression to include individuals in either clinical classification.
We used the Newcastle-Ottawa Scale (NOS) 7 to assess the method quality of each study selected for inclusion in the metaanalysis. This measure assesses methodological aspects of observational studies such as selection of cases and controls, comparability of population ascertainment of exposure to risk, quality of case ascertainment and outcome assessment (online Table DS1 ).
Data extraction and statistical analysis
For each study included in the meta-analysis, we extracted the reported risk measure and 95% confidence interval for all-cause dementia, and, when available, for Alzheimer's disease and/or vascular dementia. Then, we log-transformed the risk measure and calculated the standard error from the 95% confidence interval for each study. We calculated separate pooled hazard ratios and odds ratios for the risk of all-cause dementia, Alzheimer's disease and vascular dementia. Then, we grouped all studies to calculate a pooled risk effect for these categories. We used the generic inverse variance method with a random-effects model for all analyses. Random-effects models are more appropriate than fixed-effect models for dealing with studies characterised by heterogeneous methodological approaches, such as those included in this meta-analysis. We assessed heterogeneity in the meta-analysis by means of the Q-test and I 2 index. If the P-value was below 0.05 in the Q-test and/or the I 2 index was higher than 50%, the pooled analysis was considered significantly heterogeneous.
We performed sensitivity analyses by excluding one study at a time and recalculating the risk effect, in order to evaluate whether the summary risk effect was biased by the effect of any individual study. 
Results
A total of 23 community-based prospective cohort studies met criteria for inclusion in the meta-analysis (Fig. 1) . Two studies reported independent risk measures for two or more distinct stratifications (i.e. gender and country) 8, 9 and data were extracted independently for each stratification. When a study reported data on more than one follow-up period, the longest follow-up point was chosen for data extraction. The median follow-up interval for all-cause dementia studies was 5 years; 5 years for Alzheimer's disease studies and 6.1 years for vascular dementia studies. Online Table DS2 shows the characteristics of all included studies.
The total sample included in the pooled analysis for all-cause dementia was 49 612 participants (5116 with late-life depression and 44 496 non-depressed controls). Analyses for Alzheimer's disease were based on data from 28 746 participants (3437 with late-life depression and 25 309 non-depressed controls); and for vascular dementia, 14 901 participants (1801 with late-life depression and 13 100 non-depressed controls). Table 1 and Figs 2-4 show the pooled hazard ratios, pooled odds ratios and pooled risk effect for all-cause dementia, Alzheimer's disease and vascular dementia. We found that individuals with late-life depression had a significantly higher risk for incident all-cause dementia, Alzheimer's disease and vascular dementia compared with the elderly controls. Results for the heterogeneity analysis are also shown in Table 1 . We found low heterogeneity for vascular dementia and all-cause dementia, but moderate heterogeneity for Alzheimer's disease studies. A comparison of the pooled risk measure for Alzheimer's disease and vascular dementia showed that the risk of incident vascular dementia was significantly higher than Alzheimer's disease in individuals with late-life depression (w 2 = 4.65, d.f. = 1, P = 0.03) (online Fig. DS1 ).
Sensitivity analysis revealed no significant influence of any individual studies in the pooled hazard ratios, pooled odds ratios and pooled risk measure for all-cause dementia, Alzheimer's disease or vascular dementia. Visual inspection of the funnel plot did not reveal significant publication bias (online Fig. DS2 ). The quality assessment of the studies included in the meta-analysis was moderate to high and would not have biased the present results (online Table DS1 ).
Because depressive symptoms were assessed with different depression scales (most commonly the Center for Epidemiologic Studies Depression Scale (CES-D) and its variants), we conducted an additional subgroup analysis to evaluate whether the observed effects were related to the different scales used in the studies (CES-D v. other scales). We observed no significant difference in the risk of incident dementia as a function of the assessment of depressive symptoms (dementia, CES-D: 1.81 (95% CI 1.60-2.04) v. other scales: 1.84 (95% CI 1.39-2.42); P = 0.9).
The relationship between depression and risk of dementia can be confounded by several factors, such as sociodemographics (e.g. age, education, gender), cognitive and functional performance, and biological status (e.g. health status, vascular risk factors, ApoE genotype, hippocampal volume, white matter lesions). To address these potential confounders on the risk of incident all-cause dementia, Alzheimer's disease and vascular dementia, we carried out a subgroup analysis including only studies that reported risk measures adjusted for confounders (online Table DS3 ). The strength of the association between late-life depression and the risk of all-cause dementia, Alzheimer's disease and vascular dementia was reduced, but was still significant: all-cause dementia (17 studies), pooled risk, 
Discussion

Main findings
To the best of our knowledge, this is the first meta-analysis of population-based prospective cohort studies that specifically addressed the risk of all-cause dementia, Alzheimer's disease and vascular dementia in older adults with late-life depression. We found that late-life depression increases the risk of incident all-cause dementia and, more specifically, of both vascular dementia and Alzheimer's disease. After including only those studies that reported risk measures adjusted for multiple confounders, the strength of the association between late-life depression and the risk of all-cause dementia, Alzheimer's disease and vascular dementia was reduced, but still statistically significant. Additionally, we demonstrated, for the first time, that the risk of vascular dementia is significantly higher than the risk of Alzheimer's disease in older adults with late-life depression in population-based prospective cohort studies.
Findings from other studies
Our results are in line with a recent report that showed an increased risk of all-cause dementia, vascular dementia and Alzheimer's disease in participants with mid-and late-life depression in a retrospective analysis of 13 535 elder participants followed on the Kaiser Permanente Medical Care Program of Northern California. 30 We found a less strong association between late-life depression and Alzheimer's disease compared with Ownby and colleagues 4 for cohort prospective studies (Ownby study: OR = 1.90, 95% CI 1.55-2.33 v. present study: OR = 1.65, 95% CI 1.42-1.92), although this difference is not statistically significant (w 2 = 1.81, d.f. = 1, P = 0.17). Methodological differences between the two studies may help to explain such differences. First, the present meta-analysis focuses on the risk of dementia among individuals with late-life depression in contrast to the Ownby meta-analysis, which included studies of mid-and late-life depression. We included a larger number of population-based prospective cohort studies (23 v. 8 studies), yielding a homogeneous pool of studies and a much larger sample of older adults. In addition, the combination of retrospective, case-control and prospective studies and the inclusion of mid-and late-life depression cases in Ownby's study led to high heterogeneity in the analysis, possibly inflating the association between depression and Alzheimer's disease. Finally, we evaluated the risk of all-cause dementia and, more specifically, of vascular dementia in addition to and separately from Alzheimer's disease. Thus, the current results go beyond and extend the findings from this previous meta-analysis, being specific to older adults and permitting broader generalisation to the population of older adults with major depression.
Vascular dementia
This is the first meta-analysis to show that late-life depression increases the risk of vascular dementia and that the risk of vascular dementia is greater than the risk of Alzheimer's disease in these individuals. In general, late-life depression is associated with poorer general health and, in particular, has a strong association with higher burden of cardiovascular and cerebrovascular disease. 31, 32 Thus, our finding of an increased risk of vascular dementia in individuals with late-life depression provides additional evidence of a negative interaction between vascular pathology and late-life depression. Moreover, vascular disease co-occurs with Alzheimer's disease at a very high rate and may moderate when clinical Alzheimer's disease symptoms appear, raising the possibility that in the original studies some cases of diagnosed Alzheimer's disease are indeed cases of mixed dementia (Alzheimer's disease + vascular dementia), 33, 34 stressing the importance of vascular pathology and poor outcomes in late-life depression. Nonetheless, the finding of increased risk of vascular dementia, and of significantly higher risk as compared with Alzheimer's disease, should be viewed with caution, as it is based on only five studies. Also, most studies did not directly compare the risk of Alzheimer's disease v. vascular dementia in participants with late-life depression, except Lenoir et al, 5 who found that the risk for vascular dementia was significantly higher than for Alzheimer's disease (P = 0.002).
Implications
Recent evidence suggest that depression is a potentially preventable medical condition across the lifespan (including in older adults) and may be a modifiable risk factor for preventing or delaying dementia in later life. 35, 36 Thus, strategies to promote the prevention, early diagnosis and adequate treatment of depression may have a major public health impact as they may potentially prevent or delay dementia in older adults. Also, the prevention and treatment of cardiovascular risk factors and an improvement of general health in people with late-life depression may have a significant impact not only in a reduction of late-life depression cases but also a reduction of dementia cases (vascular dementia and Alzheimer's disease) associated with this disorder. Given the present results in this meta-analysis, the estimated number of cases of dementia attributable to depression, including lifetime and late-life depression, is probably higher than those reported by Barnes & Yaffe, 6 and the prevention of lifetime and late-life depression would possibly have an even greater impact on the reduction of Alzheimer's disease and vascular dementia cases than previously hypothesised. 6 Therefore, it is necessary to conduct novel clinical trials to investigate the potential impact of prevention of depression on risk of cognitive impairment and dementia in elderly people.
Limitations
The studies included in the meta-analysis reported either the odds ratio or the hazard ratio for the association between late-life depression and dementia. Thus, we calculated separately the pooled OR and the HR for the association between late-life depression and dementia. Although both measure the association between two conditions, they are not interchangeable. Odds ratio is a measure of association between two conditions (such as in logistic regression models); whereas the hazard ratio is a measure of the strength of association between two conditions in time-toevent statistical analysis (for example in Cox proportional hazard models). Given this, we should interpret the results from the pooled risk analysis with caution as we included studies that reported hazard ratios and odds ratios together. Nonetheless, the results are very consistent across all analyses for all-cause dementia, Alzheimer's disease and vascular dementia.
The present results should also be considered in light of the limitations of the studies included. First, in the included studies depressive symptoms were measured with rating scales, using pre-established cut-off scores. As no structured interviews were conducted for diagnostic assessment of depressive disorders, this may have introduced significant heterogeneity in the classification of cases and non-cases, in particular in individuals with mild depression. In addition, the included studies had widely varying follow-up intervals, ranging from 1 to 17 years, which might have introduced heterogeneity into the present results. Also, some studies were not representative of the entire population (such as studies including only men or women) or the study samples were not randomly selected (for example including all participants from a catchment area). These biases might have led to an overestimation of the association between late-life depression and dementia, which could have led to the higher and significant association between late-life depression and dementia found in this meta-analysis. Nonetheless, the current results were consistent across analyses and robust to sensitivity and subgroup analyses and we found low heterogeneity for all-cause dementia and vascular dementia, but moderate heterogeneity for Alzheimer's disease studies, which strengthens the present results. The adjustments of pooled odds ratios to account for potential confounders on the relationship between late-life depression and dementia, Alzheimer's disease and vascular dementia were based on the adjusted risk measures reported by individual studies. As expected, the strength of the relationship between late-life depression and these disorders was reduced, although still significant, after adjustments. Nonetheless, each study adjusted by its own set of variables (mostly baseline sociodemographic and cognitive function, but also for cardiovascular risk factor and medication use) may have introduced significant heterogeneity in the statistical analysis and biased the results. However, Q-tests and I 2 index did not show evidence for significant heterogeneity in these subanalyses that might have biased the results. We did not carry out a separate analysis of the effect of recurrent depressive episodes on the risk of dementia. However, there is evidence that individuals with a history of recurrent depressive episodes have a greater risk of all-cause dementia and Alzheimer's disease than individuals with a history of a single depressive episode. 37, 38 We did not include case-control studies that evaluated history of lifetime depression and the risk of dementia. Thus, our results are specific to older adults with depressive symptoms and do not address the moderating effect of lifetime depressive episodes on the risk of incident dementia.
Another potential limitation of this meta-analysis is that our search was limited to PubMed and Scopus databases (the largest biomedical databases available with broad coverage of publications from different countries). We also did a careful review of all references of potentially relevant publications, previous meta-analyses and systematic reviews published on this topic. Although the search of other international databases (such as EMBASE and PsycINFO) might have led to the identification of additional studies that could have been included in this meta-analysis, we believe that the literature search was comprehensive and identified all potentially relevant articles for this meta-analysis.
In conclusion, the present study provides robust evidence that depression is independently associated with an independent increased risk of Alzheimer's disease and vascular dementia in older adults. In addition, the risk of vascular dementia may be significantly higher than for Alzheimer's disease in these individuals. The prevention of depression along with stimulating general healthy behaviours and lifestyles, reduction of cardiovascular burden and other mental health-related problems should be considered in public health policies aiming at the prevention and/or delaying of the presentation of dementia syndromes in the older adult population. In view of the strong evidence provided by this meta-analysis that late-life depression is an independent risk factor for distinct dementia syndromes, namely Alzheimer's disease and vascular dementia, it is necessary to conduct novel clinical trials to investigate the potential impact of prevention of depression on the risk of cognitive impairment and dementia in older adults.
Expressed emotion Julian Leff
This measure, developed to study carers' emotional response to people with schizophrenia, stimulated the crafting of interventions to ameliorate the emotional environment in which these people lived. The success of these interventions in reducing relapse rates in the UK and the USA has been replicated in China and Japan, and influenced NICE guidelines for the care of schizophrenia. Related family interventions have proved successful in bipolar disorder, major depression, eating disorders and alcoholism. Carers' expressed emotion has been shown to predict the course of diabetes, childhood epilepsy, and myocardial infarction. Could family interventions improve the outcome of these physical disorders?
The 
